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p(0,¢) = plo)p(s) « o1 2L
1-¢

Over the range -.8 < ¢ < .8 the prior p(¢) appears sufficiently
flat compared with the likelihood and can be considered

constant.
In the following we therefore use the simple approximation

plo,9) = o} (3.4.6)

Combining the prior distribution in (3.4.6) with the

likelihood (3.4.4) we derive the posterior distribution

-(n-p*1 B
Plo.¢lz,2,.8) « o (°P* uoxn*-mquww S(#:8)} (3.4.7)
2

n
where S(¢;B) = i

— —0“
t=p+1

l2g-012¢:17-- o 0p2¢ y

Integration over the nuisance parameter ¢ in (3.4.7) gives

the posterior distribution

:-
-lmnauowv
plelz,z,.8) = {S(4;8)} (3.4.8)

From (3.4.8) it is clear that the posterior distribution
of ¢ depends Leavily on the value of B chosen. Ve shall
illustrate this in some detail later. However,
this does not necessarily mean that for a given
body of data the inferences will be imprecise. This Wm
because considering B now as a random variable it itself

will possess a posterior distribution. It is oft.n the case

patdonnnoanalan

llJl
1.0
der

i

il hptlinlunlpyo

O nw o w O

U v wn <

~

W O w o w a
N N -—t -— .

-
-

Jeffroy's non informative prior distribution for the first or
autorcgressive model with shocks from the exponential power

Figuro 3.1
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S o m model as random variables the predictive distribution of
o = the future observation Z,+q Biven the data up to time n is
1 1m derived. Wichern (1969) pursued this approach for the case
1 (=]
o g of Normal shocks. w
J©o <
4 m Even though the following results could be extended i
— <
i to the general ARIMA (p,d,q) nodel, we will only consider w
= - the case of the integrated first order moving average ”
- " {
ad .m process. Furthermore we will only discuss the one step {
|Ha4 “ ahead predictive distribution.
| 17 3
u - The predictive distribution vmuaop_mg for integrated first
-]
|;nw9 u order moving average models with errors from the class of
A >
= a Symmetric exponential power distributions
.2 W 1 l »
— L]
11 = Pz q12) = .b ..m M P(z,,4:0,8,8]|2)do d8 do (3.6.5)
n Nl
1 en o~
|;nw i Lo where z' - nnu.un.....nau.
k >
= “w
g o P(2;41+9:8,6[2) = p(z,,,]0,8,0,2) p(o,8,0|2) (3.6.6)
e 3 and .
= -1
= - P(z,,119,8,0,2) = w(B)o
- - 2
= ” c{8 +
- o AL wE s exp ({15 120y 2, (1 [ T°F) (3.6.7)
l.-m l...- ._. b& iu |“ Wo - n-1
_....n_..___._.__.__ Lalsaalai, s laadldl _._._.G- H t——owﬂﬂﬂﬂulnhoow M @uﬂﬂlu
O @ ® =~ © W T m N = o n j=0
- - - - - - - L - - .-
2

In equation (3.5.10) we derived the posterior distribution

Taia

Y;[ﬂn
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3.7 Examples

Rather than generating artificial data to illustrate

T

T A B

. the above results we shall consider actually observed data.
w Two series are considered. One was collected at a chemical
E plant (bihourly chemical process concentration readings

\ given on page 525 of Box and Jenkins (1970)). The other

w is an economic series (daily IB!M common stock closin>
prices, given on page 526 of Box and Jenkins (1970) and
already discussed in a different context in chapter 2 of

4 this thesis).

3 Example 3.1: Series A: bihourly chemical process concentra-

tion readings

Series A is plotted in Figure 3.3. Identification,
m estimation under the assumption of Normal distributed

errors and diagnostic checking for series A are carried out

in Box and Jenkins. The entertained model is given by an

integrated first order moving average model

M.« 2,2 = g_-08a

t %-1 " 80, (3.7.1)

Assuming Normal shocks a,, the point estimates of the
parameters are

~

8= .7 andole .101

E We broaden the model (3.7.1) by introducing the parameter 8

m of the family of exponential power distributions, thus




allowing for greater flexibility in the distribution of
the shocks a,. In the following we assume a uniform reference
prior for B8(-1<g<1).
The posterior probability distribution vnw.o_mu. which
is given in (3.5.11), is derived and its contours a1 given
in Figure 3.4. [he density levels of the two outer contours

are

r(8,8|z) = .2 vnm.m_mu
?(8,8]2) = .6 p(8,8]z2)

where mw.mu is the mode of the posterior distribution p(B,8).
Using the bivariate Normal approximation these contours would
very roughly be the boundaries of the 80 and 40 percent
highest posterior density regions.

The conditional posterior distributions of e,
vae_m.wu of equation (3.5.9), are plotted in Figure 3.5.

Two things are worth noting:

i) the conditional inference about o is somewhat
sensitive to changes in the parameter 8 of the
parent distribution of the shocks. The mode
of uﬁo_m.wu changes over a range from .63
(for 8=.9) to .85 (for B=-.5),

ii) the conditional posterior distributions p(e]|z,8)

are skewed. For the case 8 = 0 (Normal shocks)

pde oo oty owuloonaboonnabognalonvalonnrlonaglagey

-] o

o o ) o wn =)
o o mm - i w0 7] n - -

T b e R

«
5y
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Series A.

Posterior distribution of 8 for various fixed B

Figure 3.5
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this fact was pointed out by Wichern (1969), who

considered several normalizing transformations.

To derive the posterior distribution of the moving
average parameter 9 the conditional distributions
p(8]z,B8) have to be weighted by the posterior distribution
vam_mv. Assuming a uniform reference prior for B the
posterior distribution wnm_mv is given in Figure 3.6. This
indicates the possibility of a slight leptokurtic
distribution for the shocks although the deviation from
Normality is probably not large.

The posterior distribution vac_mu. given in (3.5.13),
and vne_m.m-ou. the posterior distribution of 6 under the
usual assumption of Normal distributed shocks, are
plotted in Figure 3.7. The two distributions are somewhat
different. While the shape of both distributions is similar,
the mode occurs of different values (mode of vno_mu occurs
at .64, while for B=0 the node is given by mn.qV.

Two closely linked objectives of time series modelling
are forecasting and control. It is of considerable interest
to investigate whether the predictive distribution of
future observations is affected by the introduction of the
parameter 8 which allows for greater flexibility in the
underlying parent distribution of the shocks.

For the ARIMA(0,1,1) model the predicted value of all

future times is a constant independent of t. Tsble 3.1

TS




Figure 3.6: Posterior distribution of B assuming a uniform reference prior:

Series A.

Key: p(e|z) —_—
p(o)z,8=0) - - -

Figure 3.7: Posterior distribution of 6, p(elg), and posterior distribution of @
assuming Normal distributed shocks, p(olg.B-O): Series A.
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Figure 3.8: Posterior one-step rhead predictive distribution for various fixed B:

Series A; n=197.
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Key: p(zp4l2)  ——
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Figure 3.9: Posterior one step ahead predictive distribution P(zn01|§) compared with
p(zn,llz,B-O). the posterior one step ahead predictive distribution
assuming Normal distributed shocks: Series A; n=197. =
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Information about the non Normality of the distribution
of the forecasts for higher lead times can be derived by
considering the kurtosis of the t-step ahead forecast error
o=anu which was given in (3.6.4). In Figure 3.10 we plot
the kurtosis

Lo (1m0 TGH1+8)IT(G(1+8))

”~+ﬁn-~uauuau~mN —naWaaomvuuu

vale (2)) =

for several t, using the mode (8,8) = (.3,.65) as estimates

for £ and 6.

Example 3.2: Series B: daily IBM common stock closing prices.
This series is plotted in Figure 2.1. It was shown in

Chapter 2 that the model for series B is given by an

integrated first order moving average process. Under the

assumption of Normal shocks the estimated parameters are

8= -.087 42 - 52.2

Before we derive the posterior distributions for the
nodel with shocks from the symmetric exponential power
distribution, we develop a rough preliminary identification
tool which indicates whether such an extension is necessary.

This prelininary identification tool is similar to the

“,unncwwwnw test proposed by Fama and Roll (1971) which is

critically reviewed in the thesis by lisu (1973). Fu.ther-

' more we conmént on the question whether the stable Paretian

Q
m

Plot of the kurtosis of the t-step ahead forecast error:

.
.

Figure 3.10

Series A.
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Figure 3.11: Plot of the sample kurtosis rz(wék)) and of vz(wék)) - % yz(w

¢

£S

with yz(wt) = 4: Series B,
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Posterior distribution of & for various fixed B:

Figure 3.13: Series B.

F :
igure 3.14: Posterior distribution of 8 assuming a uniform reference prior: Series B
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e posterior distribution p(8|z) is compared to the

ﬂunonwon distribution of the moving average parameter

Bsuning Normal distributed errors and both are plotted in

_usnn 3.15.

Again, as in series A, the forecasts manpu of series B

Fe very inscnsitive to the choice of 8. This can be seen

'om the predictive distributions wasnou_m.uv which are

thn in Figure 3.16 for various 8. As before these have

milar means, but differ considerably with respect to

shape of the predictive distribution. In Figure 3.17

compare the predictive distribution uau=+~_mu with

mn=¢u_m.m-ou. the predictive distribution assuming Normal

4

frors. The difference in the shape of the predictive

.nqwccnwosm given in Figure 3.17 is very marked. To get

idea about the non Normality of forecasts more stey-

,:um. we derive the kurtosis of the t-step ahead forecast

E:

ror <~na=anuu using the mode wm.mv = (-.04,.80) as

o

..nlunnu for B and 8. This is given in Figure 3.18.

s Concluding remarks:
k.

In section 3.6 we saw that for the integrated first

der moving average process
b 1

P(z,,,12.8) = “w p(z,,,12,8,6) p(e|z,8)de (3.8.1)

3 predictive distribution for given B and 6 is symmetric

pund muapu. and the shape of the distribution depends on

p(8]z,820) -~ - - -

p(e|z)

Key

i
4

Posterior distribution of e, p(elz), and posterior distribution of @

. Figure 3.15:

: Series B.

sssuming Normal distributed shocks, p(e|z,8=0)
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Figure 3.17:

Figure 3.16:

-

Posterior one step ahead predictive distribution for various fixed 8:
Series B, ne369.

Key: p(z,,,12) ——
p(z,,q12,8%0) - - -

B
4
2
0
B
6
4
4
‘ 330.0 340.0 350.0 360.0 370.0 380.0 390.0
*ne1

Posterior one step ahoad predictive distribution p(zn,llg) compared with
p(zn,llg.B-O). the posterior one step ahead predictive distribution
sssuming Normal distributed shocks, and their 50% probability limits:

Cowtlan N




the value of g.

For the two examples in section 3.7 the inference about

the parameter ¢ changes for different assumptions about the
distribution of the shocks a,. The forecasts uﬂanu.

however, do not change nuch over the range of 6 over which

the conditional posterior distributions vao_m.mu are

centered. In this case, even though there are differences

B
o

in vna_m.mu for different values of B, the rodes of

the predictive distributions in (3.8.1) are similar and

~step ahead forecast error

thus insensitive to changes in .

The shape of the Predictive distribution depends on
the value of g. For tiie one step ahead predictive
distribution we compare vmnbou_mu and vanzou_m.mlou to
shiow the effect of non Normality of the shocks on the
shape of the distribution. Furthernore the kurtosis of
the forecast errors rore than one step ahead is computed

and plotted. Since both considered series are non Stationary,

the ¥-weights do not die out, and it is seen that even for

Plot of the kurtosis of the L

Series B,

moderate lead times the kurtosis becores small fairly quickl-.

Figure 3.18
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